Background Hen and quail eggs are commonly used in embryological research. While immunoglobin E (IgE)-associated allergy to hens' egg proteins is recognized in employees in the food industry, there are no previous reports from workers in embryological research. Two newly identified cases prompted us to examine the extent of this problem in a university laboratory.
Introduction
Researchers in developmental biology undertake work on chick embryo models. This work involves cracking or 'windowing' numerous hen or quail eggs over sustained periods at a laboratory bench with the use, in this way, of up to 200 eggs per session.
Egg allergy is common in infants and young children with a prevalence of sensitization ranging from less than 1 to 9% [1] . It is generally accepted that it develops via intestinal exposure. Egg sensitization in adults is less frequent, with prevalence reported to range from 0.35 to 1.9% [2] [3] [4] . Sensitization to egg has been reported among workers in the bakery and confectionary industries exposed to egg protein aerosols in, for example, the glazing of bakery products [5] [6] [7] , suggestive of an inhalational and/or cutaneous route of sensitization. Symptoms reported by sensitized workers include those of occupational asthma and rhinoconjunctivitis [6] [7] [8] . Intolerance to ingested foods containing egg [6] [7] [8] has also been described, supposedly as a result of sensitization to airborne proteins via the respiratory tract, the 'egg-egg' syndrome [6] . Symptoms reported on ingestion have been immediate, consistent with an immunoglobin E (IgE)-associated response including urticaria and asthma.
In 2004, we identified two embryological research workers undertaking egg research who reported symptoms consistent with egg allergy, the first reports of egg sensitization in a research laboratory. Here we describe these cases and the findings of a subsequent cross-sectional survey designed to estimate the prevalence and determinants of this condition.
Methods
In May 2005, following the diagnosis of occupational egg allergy in two research workers exposed to eggs in embryological research in 2004 (Boxes 1 and 2), we visited the department where the second case worked and carried out a confidential cross-sectional survey of employees and graduate students. We invited all current researchers working with eggs, as well as those carrying out separate experiments with Drosophila species, zebrafish or rodents, and non-research administrative staff to participate. Where contact details were available, we also invited all past employees and students who had worked in the department since 2000.
Egg work was carried out in two open plan laboratories with 30-35 work benches. Egg work was restricted to three areas, two in one laboratory and one in the second laboratory, and it took place on open benches with normal laboratory ventilation. non-egg research work was also carried out in the two laboratories. Depending on the type of experiments conducted, exposure to eggs ranged from a couple of hours per week to 5 h a day for 3 days per week. In embryological research, the chick embryo, usually hen but sometimes quail, is exposed, through a 'window' in the egg, so that it can be viewed under a stereoscopic microscope and microinjections made to different areas of the brain. Windowing is carried out by first removing a small amount of albumen via a needle puncture of shell, which is then discharged into a waste bin. An oval-shaped lid is cut on the shell, whereby the embryo is exposed and microinjected. The lid is then replaced and covered with tape to prevent it from drying out. The eggs are left to incubate until they are harvested.
Prior to 2000, the wearing of gloves was not common practice, benches were cleaned at the end of the session (which could last from 30 min to 5 h) and eggs were not taped prior to cutting a lid in the shell. Standard operating procedures were updated in 2000, such that gloves were a requirement, benches were cleaned as required and, at regular intervals, spills and drips were mopped, thus avoiding exposure to dried egg albumen on benches. Furthermore, eggs were now taped prior to cutting the Box 1. Case 1 A woman of 30 had worked for 3 years as a laboratory technician in an academic department of dental research. She had a long history of asthma accompanied by immediate oral itching, but no other symptoms, after eating a variety of foods including tomato, pineapple, kiwi, mango and papaya (but not egg). Two years after starting hens' egg work she developed severe throat and oesophageal itching, followed by vomiting, after eating eggs in any form, including those included in baked foods and mayonnaise. A year later she noticed also that cracking eggs caused her to sneeze and that raw egg on her hands induced an urticarial skin rash. Skin prick tests were strongly positive to extracts of common aeroallergens (house dust mite, cat fur and grass pollen) and to extracts of whole hens' egg and hens' egg white. Skin prick tests to a latex extract was negative. The responses to hens' egg and latex were reproduced by assessment of serumspecific IgE antibodies using ImmunoCap: hens' egg white (f1) 75.3 kU/l and hens' egg yolk (f75) 26.1 kU/l. Our in-house RAST to quail's egg was strongly positive: quails' egg white-82% binding and quails' egg yolk-70% binding.
Box 2. Case 2
A man of 35, with a past history of allergy to laboratory mice (but not egg), worked as a research scientist in a university department of embryology. Much of his work was with hens, and to a lesser extent, quail embryos; he had no current exposure to laboratory mice or rats. Three years after starting egg work, he developed rhinitis, itchy eyes and a hand rash at work. Two years later, he developed oral itching and a sensation of intense oesophageal burning after eating eggs, either alone or when incorporated into other foods such as biscuits, cakes or mayonnaise. On some occasions, he developed wheeze after eating eggs. These symptoms were severe enough for him to avoid any foods that might contain egg.
Skin prick tests were positive to extracts of house dust mite, cat fur and grass pollen and to extracts of whole hens' egg, hens' egg white and mouse urine; a skin prick tests to latex was negative. As above, these findings were reproduced by measurement of serum-specific IgE antibodies: hens' egg white (f1) 5.9 kU/l and hens' egg yolk (f75) 0.6 kU/l. Similarly, we found evidence, through RAST, of specific IgE antibodies to quail egg: quails' egg white-47% binding and quails' egg yolk-27% binding.
oval lid, which minimizes the risk of the shell cracking, shattering and releasing an aerosol of albumen.
Approval for the survey was granted by King's College Hospital Research Ethics Committee (05/Q0703/46) and each participant provided informed and written consent.
On the day of the survey, each participant completed a questionnaire enquiring into the nature of their current and past work, with particular reference to the duration, frequency and intensity of work with eggs and use of control measures aimed at reducing egg exposure. We also asked about the presence of any previous or current respiratory, urticarial and digestive symptoms consistent with IgE-associated egg allergy.
Following completion of the questionnaire, all participants were invited to undergo standardized skin prick tests with histamine, saline, mixed grass pollen, dust mite, cat fur, whole hens' egg and egg white (Diagenics Ltd, Milton Keynes, UK) and to latex (Stallergenes SA, 94264 Fresnes Cedex, France). We did not offer skin tests to those with a history of anaphylaxis to egg. Skin tests, which were carried out without knowledge of the questionnaire responses, were categorized as positive if they induced a wheal with a mean diameter of ≥3 mm greater than the response to a negative (saline) control. We classified participants as atopic if they had a positive response to one or more common aeroallergen extracts. Similarly, the two cases underwent the same skin prick test procedure in clinic.
We took serum samples from all egg workers. In all those with a positive skin prick test to hens' egg antigens and in a random sample of 50 employees with negative skin prick tests, we measured the presence of serum-specific IgE antibodies by ImmunoCAP to hens' egg white and yolk (Pharmacia, Milton Keynes, UK). Concentrations of specific IgE ≥0.35 ku/l were considered indicative of specific sensitization.
Specific IgE to either quails' egg yolk or egg white was determined in the cases, using our in-house radioallergosorbent assay (RAST). Quails' egg yolk or egg white was extracted in 0.01 mol/l ammonium carbonate overnight at 4°C. Supernatants were dialysed overnight against distilled water, lyophilized and stored at −20°C until used. Briefly, 3 mg of either quails' egg yolk or egg white allergen was coupled to 300 mg of cyanogen bromide-activated paper discs, according to the method of Ceska et al. [9] . For the assay, serum (50 µl) was added to an allergen-coupled disc. Following incubation at room temperature for 16 h, the disc was washed and 125 I-antihuman IgE (50 µl) added, and after a further 16 h, the disc was washed and counted in a gamma scintillation counter. The amount of antigen-specific IgE was expressed as the percentage of the total counts that remained bound to the disc (percentage binding). A 2% binding was chosen as the positive cut-off point, based on more than 25 years' experience of using RAST to a wide variety of occupational allergens. Workers and cases were considered to be sensitized to eggs if they had either a positive skin prick test or serum IgE assay or both.
Statistical tests to compare proportions were undertaken using chi-square tests and chi-square tests for trend. Mann-Whitney tests were used for continuous data since they had non-parametric distributions.
Results
In our cross-sectional survey of the laboratory where case 2 worked, 93 of a total of 108 current employees (86%) and 23 of a total of 143 past employees (16%) completed the questionnaire and subsequent immunological testing. The majority of respondents (84%) were in a research position at the time of the survey. Sixty-six (57%) of the 116 respondents reported that they currently worked with hen eggs or had done so in the past; 36% of these had also worked with quails' eggs. none had worked solely with quails' eggs.
The characteristics of all survey participants, and those who were current employees, are shown in Table 1 . About half had ever worked with hens' eggs, for a median duration of about 5 years; approximately, one-third of these had also worked with quail eggs. Forty-four per cent of participants reported a history of atopic disease, and 40% were categorized as atopic after skin prick testing.
Four of the participants (3.4% of the total, 6.1% of egg workers) were sensitized to egg, as defined by serum and/or skin test response. Specific IgE to hens' egg was positive for all four individuals; skin test responses to egg were positive for two of these and not undertaken for the other two individuals whose histories were suggestive of anaphylaxis on eating hens' egg. There was evidence of agreement between specific sensitization and work-related symptoms, in particular urticarial symptoms, following egg ingestion (Table 2) ; all eggsensitized individuals reported at least one of these work-related symptoms. Those who were atopic, or who had a history of atopic disease were more likely to be sensitized to egg although these differences did not reach statistical significance ( Table 2) . Two of the sensitized subjects had worked with eggs for less than 2 years: one for between 2 and 3 years and one for 7 years (Table 2 ). All sensitized individuals reported that their highest ever frequency of egg work was three or more times per week.
Rates of sensitization were significantly lower among those who reported that they wore a laboratory coat or gloves and among those who always cleaned up spillages as they occurred (Table 2) . Other control measures (use of masks, aprons, the use of adhesive tape on eggs, and the sealing of disposal bags with ties when half full) were also associated with lower rates of sensitization, but these differences were not statistically significant (data not shown).
Discussion
We report, for the first time, specific egg sensitization among embryology research workers and a small survey of egg workers in which the overall prevalence of sensitization was 3.5%. All sensitized employees reported symptoms consistent with an immediatetype IgE-mediated response. While the presence of work-related asthma and eye/nose symptoms was not a good predictor of sensitization, digestive symptoms (stomach ache, vomiting and/or diarrhoea) on egg ingestion were wholly sensitive and had a negative predictive value of 100%. Urticaria, while working with egg, was a highly specific symptom, with none of those who were not sensitized reporting this symptom.
We speculate that egg sensitization in this setting is a direct result of occupational exposure(s). However, a limitation of our study is that we have no data on sensitization status prior to occupational exposure with eggs, and as such, this needs verification in a longitudinal study. All those who were sensitized had worked with eggs, and the prevalence of sensitization was higher than one would expect in a general adult population-1.9% [2] [3] [4] . Our case numbers were too small to examine in detail any association with exposure, but all of those who were sensitized reported an onset of accompanying symptoms prior to the adoption of the laboratory's current standard operating procedures in 2000, which were likely to have reduced egg allergen exposure. Moreover, our findings suggest an association between the risk of sensitization and the inconsistent use of exposure control methods. Finally, similar sensitization has been reported in other workforces with exposure to broken eggs, including processing plants [10] [11] [12] [13] and bakeries [6, 7, 14, 15] , and in some cases, a direct relationship between estimates of workplace airborne egg exposure and sensitization has been demonstrated. Whether the relevant exposure is by inhalation or ingestion remains unclear, but size-selective sampling of aeroallergen in egg-processing plant suggests that most of the aeroallergen is capable of reaching small airways [16] ; bakers report food allergy symptoms to egg months after the onset of respiratory manifestations [6, 7] , suggesting exposure is mainly through inhalation. A proportion of our population working with hens' eggs were also exposed to quails' eggs. We have not specifically determined whether these individuals were sensitized to both hens' and quails' eggs and have not examined the degree of cross reactivity between the two egg allergens. Anecdotally, it appears that quail eggs are more difficult to 'window', which may ultimately lead to greater exposure to egg allergens.
Our detailed findings, especially those that were negative, should of course be interpreted with care since the case numbers were small. Furthermore, while the response rate among those currently in post was very 18 (16) 14 (21) 4 (8) 12 (13) 9 (18) 3 (7) Work-related urticaria symptoms: n (%)
6 (5) 5 (8) 1 (2) 1 (1) 1 (2) 0 Urticaria on egg ingestion: n (%) 4 (3) 4 (6) 0 2 (2) 2 (4) 0 Digestive symptoms on egg ingestion: n (%) 8 (7) 7 (11) 1 (2) 5 (5) 4 (8) 1 (2) Presence of any above symptoms and specific egg sensitization: n (%)
high (86%), we were able to survey only a low proportion (16%) of eligible ex-employees. Research laborat ories such as this tend to have a high turnover of staff. The high prevalence of specific sensitization in those who were no longer employed in the laboratory is consistent with anecdotal reports of a strong 'healthy worker' effect, whereby those who have developed egg allergy move to another job. Conversely, there may have been some reluctance to participate due to potential employment and research implications; while considerable care was taken to reassure participants over confidentiality, this may nevertheless have contributed to an underestimate of prevalence.
If we are correct, then those who work in research facilities where large numbers of broken eggs are used face a risk of developing egg allergy. The risk is probably higher than was estimated through our cross-sectional approach but can be mitigated by careful attention to exposure reduction. Indeed, following changes prompted by this work no further cases have been detected in this laboratory. Routine health surveillance of exposed workforces may be warranted and, given the evident absence of asymptomatic sensitization, could reasonably be based on detection of the characteristic gastrointestinal and skin symptoms.
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Key points
• In this study, sensitization to eggs among those occupationally exposed to egg protein in research work occurred more commonly than in the general population.
• There was a clear association between sensitization to egg and the presence of symptoms of egg allergy with no evidence from our study of an asymptomatic sensitized state.
• The absence of digestive symptoms and urticaric symptoms on egg ingestion was an useful discriminatory question for excluding egg allergy.
